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Description 

Technical Field 

[0001] The present invention relates to an MRI sys- 
tem for visualizing the interior of a subject to be exam- 
ined using a magnetic resonance phenomenon and an 
MRI system center. 

Background Art 

[0002] Magnetic resonance imaging (MRI) is widely 
used as a method for acquiring, for example, an ana- 
tomical cross-sectional view of a human body in a non- 
invasive manner. The MRI allows an image having var- 
ious contrasts to be acquired in accordance with varia- 
tions in imaging conditions such as repetition time TR 
and echo time TE. 

[0003] Recently, the improvement of pulse sequence 
has made it possible to generate an image containing 
functional information such as diffusion and reflux. 
Since these imaging steps including a step of visualizing 
blood vessels using MRA (magnetic resonance angiog- 
raphy) can be combined together to carry out an appro- 
priate diagnosis, their clinical values are extremely 
great. 

[0004] The pulse sequence is improving from day to 
day, and more useful imaging conditions and imaging 
procedures are produced and reported from the user 
side one after another. In the present invention, these 
imaging conditions and imaging procedures produced 
chiefly from the user side are referred to as clinical pro- 
tocols. 

[0005] On the other hand, there are not a few pulse 
sequences in which the number of imaging condition 
items that can freely be changed on the user side is in- 
creased several times as compared with that of several- 
year-old items in accordance with the maturity of MRI. 
As the type of pulse sequence increases, the variations 
of imaging procedures widen. 

[0006] However, a great deal of expertise is needed 
to set the imaging conditions and imaging procedures. 
Thus, one who can constitute a very useful clinical pro- 
tocol by effective use of a set range of the imaging con- 
ditions and imaging procedures will be limited to a very 
small number of doctors or technician. 
[0007] Under the present circumstances, therefore, a 
useful clinical protocol is neither spread nor promoted 
at all. 

[0008] The problem of a delay in spread or promotion 
is not limited to the clinical protocol. Even though a new, 
useful pulse sequence or application is developed, its 
spread sometimes makes very slow progress. Usually 
the sales staff makes their rounds of facilities and hos- 
pitals in order to try to put such a pulse sequence and 
application into widespread use. However, it takes time 
to make the rounds, and most pulse sequences and ap- 
plications are already on sale as package software. 



Hospitals often hesitate to purchase such package soft- 
ware because it is expensive. 

Disclosure of Invention 

5 

[0009] An object of the present invention is to spread 
and promote hardware, applications, pulse sequences, 
and clinical protocols in MRI. 

[0010] An MRI system center is connected to a plu- 
10 rality of MRI systems for visualizing an interior of a sub- 
ject to be examined using a magnetic resonance phe- 
nomenon, through an electronic communication line. 
The MRI system center receives data of a log file on 
which a use state of the MRI systems is recorded or use- 
's state data extracted from the log file, from the M Rl sys- 
tems through a communication control unit. A database 
unit stores the data of the log file or the use-state data. 
An analysis unit analyzes the data of the log file or the 
use-state data received within a given period of time. 

20 

Brief Description of Drawings 
[0011] 

25 FIG. 1 is a block diagram of the whole of a system 
according to an embodiment of the present inven- 
tion, including an MRI system center as the center 
thereof. 

FIG. 2 is a block diagram of the MRI system shown 
30 in FIG. 1. 

FIG. 3 is a block diagram of the MRI system center 
shown in FIG. 1 . 

FIG. 4 is a view showing data communicating be- 
tween the MRI system center of FIG. 1 , a hospital 
35 terminal, and a sales division terminal (mainte- 
nance division terminal, development division ter- 
minal). 

FIG. 5 is a view showing communication proce- 
dures between the MRI system center of FIG. 1 , a 
40 hospital terminal, and a sales division terminal 
(maintenance division terminal, development divi- 
sion terminal). 

FIG. 6 is a conceptual diagram of license manage- 
ment performed by a license management unit 
45 shown in FIG. 2. 

FIG. 7 is a chart showing a store and forward pro- 
cedure of clinical protocols in the present embodi- 
ment. 

FIG. 8 is a view of select screens of clinical proto- 
50 cols displayed on a display of the M Rl system in the 
present embodiment. 

FIG. 9 is a view of editing screens of clinical proto- 
cols displayed on the display of the MRI system in 
the present embodiment. 

55 

Best Mode for Carrying Out of the Invention 

[001 2] A preferred embodiment of the present inven- 
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tion will now be described with reference to the draw- 
ings. 

[001 3] FIG. 1 shows the whole configuration of a sys- 
tem according to the present embodiment. A plurality of 
MRI systems 2, which are installed in their respective 
hospitals, are each connected to an MRI system center 

1 through a private line or an electronic communication 
path 33 such as a public line. Each of the MRI systems 

2 includes an MRI device 22, a communication terminal 
(hospital terminal) 21 , and a storage device 23. 
[0014] A plurality of sales division systems 3, which 
are installed in sales divisions or sales companies for 
selling MRI devices and their consumable items, are 
each connected to the MRI system center 1 via a private 
communication path 46. Each of the sales division sys- 
tems 3 includes a communication terminal (sales termi- 
nal) 43. 

[001 5] A plurality of maintenance service division sys- 
tems 4, which are installed in maintenance service divi- 
sions or maintenance service companies for maintain- 
ing the existing MRI devices, are each connected to the 
MRI system center 1 via a private communication path 
47. Each of the maintenance service division systems 
4 includes a communication terminal (maintenance 
service terminal) 44. 

[0016] A plurality of development division systems 5, 
which are installed in development divisions or develop- 
ment companies for designing and developing MRI de- 
vices and their constituting elements (parts) such as RF 
coils and for developing pulse sequences, image 
processing applications and the like, are each connect- 
ed to the MRI system center 1 via a private communi- 
cation path 48. Each of the development division sys- 
tems 5 includes a communication terminal (develop- 
ment terminal) 45. 

[0017] FIG. 2 illustrates a configuration of the MRI de- 
vice 22. The MRI device 22 includes a gantry 221 and 
a computer unit 222. The gantry 221 has a magneto- 
static field magnet 221 -1 , a gradient magnetic field coil 
221 -2 for generating a gradient magnetic field pulse up- 
on receiving a current from a gradient coil power supply 
221-4, and a radio -frequency coil (RF coil) 221-3 for 
generating a radio-frequency magnetic field and detect- 
ing a magnetic resonance signal. The radio-frequency 
coil 221-3 can serve as both a transmitter and a receiver 
or include a transmission coil and a reception coil sep- 
arately from each other. As is known, the radio-frequen- 
cy coil 221 -3 is an essential constituting element for de- 
termining a sensitivity region, sensitivity uniformity, and 
an S/N ratio of MRI. Since there is a trade-off relation- 
ship between the area of the sensitivity region and the 
S/N ratio, it is common to selectively use the optimum 
RFcoil in respective portions. 

[001 8] When the radio -frequency coil 221 -3 transmits 
a radio-frequency magnetic field, a transmitting section 
221-5 is connected to the coil 221-3. When the radio- 
frequency coil 221 -3 receives an MR signal, a receiving 
section 221 -6 is connected to the coil 221-3. The gradi- 



ent coil power supply 222-1 , transmitting section 222-2, 
and receiving section 222-3 generate a radio-frequency 
magnetic field pulse in accordance with a desired pulse 
sequence under the control of a sequencer 222-1 and 
5 then a gradient magnetic field pulse, and receives an 
MR signal. 

[0019] The MR signal, which is amplified, detected 
and digitized in the receiving section 221-5, is sent to a 
calculator 222-2 through a data collecting section 221-7. 
10 The calculator 222-2 reconstructs image data in re- 
sponse to the MR signal. The image data is displayed 
on an image display 222-2. A console 222-4 is connect- 
ed to the calculator 222-2. An operator operates the con- 
sole 222-4 to input all instructions regarding the opera- 
's tions of the MRI device such as selection of clinical pro- 
tocols, that of pulse sequences, and setting of imaging 
conditions. The communicating computer 21 and stor- 
age device 23 are connected to the calculator 222-2. 
These units need not always be provided in the same 
20 facilities. If the units have the samefunction even though 
they are located geographically away from each other 
they can be included in the system center of the present 
invention. 

[0020] FIG. 3 illustrates a configuration of the system 
25 center 1 . The system center 1 is connected to a circuit 
3 via a communication control device 17. The commu- 
nication control device 1 7 is connected to a control/data 
bus 9. A database unit 10, a pulse sequence manage- 
ment unit 1 1 , a clinical protocol/image management unit 
30 1 2, a license management unit 1 3, a charge calculation 
unit 14, a maintenance information generation unit 15, 
a log file analysis unit 18, an application management 
unit 19, and a business analysis unit 20 are connected 
to the bus 9. 

35 [0021] FIGS. 4 and 5 are illustrations of an operation 
of the present embodiment. The database 10 of the MRI 
system center 1 stores data of a plurality of pulse se- 
quences, data of a plurality of applications used for im- 
age processing and the like, data of a plurality of clinical 
40 protocols, and data of a plurality of images. 

[0022] These data items are updated at any time and 
the latest ones are always stored in the database 10. 
The latest data items are periodically transmitted to the 
MRI system 2. The MRI system 2 receives the transmit- 
45 ted data items through the hospital terminal 21 and up- 
dates data of the storage device 23. Thus, the storage 
device 23 stores data of a plurality of pulse sequences, 
data of a plurality of applications used for image 
processing and the like, data of a plurality of clinical pro- 
50 tocols, and data of a plurality of images, which are the 
same as those of the database 10. In the MRI system 
2, the latest pulse sequence, application (install pro- 
gram), and clinical protocol can always be used, and the 
latest image data can always be referred to. 
55 [0023] The system center 1 periodically receives log 
file data from the MRI system 2. 
[0024] Log files are created by various types of soft- 
ware such as a sequence, image reconstruction, and a 
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scan queue manager in the calculator 222-2 of the MRI 
system 2, and then recorded temporarily in a log-record- 
ing region 222-5. The log files are generally unorganized 
history files on which all states of the operation of the 
M Rl system 2 are recorded. If the log files are organized, 
most of them are occupied by use-state data. Instead of 
sending log file data to the system center 1 from the log- 
recording region 222-5 of the MRI system 2, the log file 
included in the log-recording region 222-5 can be ana- 
lyzed by the calculator 222-2 of the MRI system 2 to ex- 
tract use-state data and transmit the use-state data to 
the MRI system center 1. In this embodiment, the 
present invention will be explained on condition that the 
log file data is transmitted. 

[0025] The log files are recorded including not only 
the use state of hardware such as RF coils constituting 
the MRI device 22, but also that of software such as 
pulse sequences, applications, clinical protocols and 
image data. More specifically, the log files include the 
type of the used pulse sequence, the number of times 
of use of the pulse sequence, the number of exposures, 
the number of output films, the type of the used RF coil, 
the number of times of use of the RF coil, the use time 
of an RF amplifier, an average power of a gradient mag- 
netic field amplifier, the intensity of a gradient magnetic 
field, the number of times of use of a clinical protocol, 
thetype of the used application, andthe number of times 
of use of the application. 

[0026] The clinical protocols chiefly include practical 
information concerning imaging conditions and imaging 
procedures. In other words, the clinical protocols are 
clinically useful information about imaging conditions 
and imaging procedures that doctors or photographers 
would discover by trial and error. This information in- 
cludes the type of RF coils, filming, a combination of 
pulse sequences, repetition time TR and echo time TE 
of pulse sequences, the amount of RF irradiation (SAR) 
absorbed by a subject to be examined, the number of 
slices, the size of the used matrix, and various param- 
eters (imaging conditions) in a pulse sequence, such as 
resolution. 

[0027] As described above, the software such as 
pulse sequences, applications, clinical protocols and 
image data is stored in the storage device 23. When an 
operator gives an instruction to the calculator 222-1 to 
gain access to his or her desired data, its access record 
(access time, access number, etc.) is recorded in a log 
file as a use state of the software. 
[0028] The database 1 0 of the MRI system center 1 
stores log file data that is received from all the MRI sys- 
tems 2 connected to the database 1 0 via the circuit 33 
and making a given contract therewith. The log file anal- 
ysis unit 1 8 analyzes log file data of a given time period 
(e.g., one month) stored in the database 10 to compile 
both the amount of use (the number of times of use, the 
use time, etc.) of software such as pulse sequences, ap- 
plications, clinical protocols, and image data within a 
given time period and the amount of use (the number of 



times of use, the use time, etc.) of hardware such as RF 
coils for each of the M Rl systems 2. The log file analysis 
unit 18 includes programs for conducting an analysis ac- 
cording to various purposes, which will be described lat- 
5 er, and transmits an analysis result to the development 
division system 5. 

[0029] The pulse sequence management unit 1 1 per- 
forms management operations for newly registering 
pulse sequence data, which is supplied chiefly from the 

10 maker side, in the database unit 10, updating the data 
therein, and deleting it therefrom. The application man- 
agement unit 19 performs management operations for 
newly registering an application, which is supplied from 
the maker side, in the database unit 10, updating the 

15 application therein, and deleting it therefrom. 

[0030] The clinical protocol/image management unit 
1 2 performs management operations for newly register- 
ing image data and clinical protocol data, which are gen- 
erated from the user side (MRI system 2), in the data- 

20 base unit 10, updating the data therein, and deleting it 
therefrom. The license management unit 13 imposes a 
limitation on the hierarchy of data transmitted to the stor- 
age device 23 or that of access to the database unit 10 
based on individual information (user ID) sent from the 

25 MRI systems 2. 

[0031] The charge calculation unit 14 calculates a 
charge for use for each of the MRI systems 2 based on 
data of the amount of use of hardware and software an- 
alyzed by the log file analysis unit 18 and the unit charge 

30 for the use time or the number of times of use of each 
of hardware and software. The unit 14 also calculates a 
royalty for a provider of clinical protocol data and image 
data uploaded with a license from each of the M Rl sys- 
tems 2. 

35 [0032] The maintenance-supported unit 15 estimates 
information for supporting maintenance service of the 
MRI systems 2, such as a schedule of maintenance 
service and a cause of malfunction, based on the ana- 
lyzed use-amount data of hardware. In case of malfunc- 

40 Won. the unit 15 can estimate a cause of the malfunction 
from the use-state data of a log file. In the currently used 
MRI device, its malfunction seldom exercises an influ- 
ence upon all pulse sequences or images, and an image 
artifact is generated from a combination of specific con- 

45 ditions. The use of the above log file allows the cause 
of malfunction to be found from images. The mainte- 
nance-supported unit 15 estimates the cause of mal- 
function from the log file. 

[0033] The business analysis unit 20 generates vari- 
50 ous types of management indicator data from the use- 
amount data of hardware and software, which is ana- 
lyzed by the log file analysis unit 18. The management 
indicator data is, for example, the number of patients a 
day and the time required for photography that are use- 
55 ful for running a hospital. 

[0034] The above charge data, royalty data, mainte- 
nance data, and management indicator data as well as 
software data such as clinical protocols are transmitted 
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to the MRI systems 2 of hospitals from the MRI system 
center 1 . 

[0035] Clinical protocol use-amount data, pulse se- 
quence sequence use-amount data, application use- 
amount data, use-amount data of hardware such as RF 
coils, charge data, royalty data, maintenance-supported 
data, and management indicator data are transmitted 
from the MRI system center 1 to a sales division terminal 
3, a maintenance service division terminal 4, and a de- 
velopment division terminal 5. The sales division, main- 
tenance service division, and development division are 
capable of using the transmitted data for planning a 
sales strategy, drawing up a maintenance schedule, 
planning a development policy, and the like. 
[0036] The above mechanism brings about various 
advantages to both the maker side and the user side. 
The maker side (system center side) can promote the 
spread of pulse sequences, applications, clinical proto- 
cols, etc. Since, moreover, the maker side analyzes a 
log file (use-state data) to obtain an amount of use sta- 
tistically, they can adopt a sales strategy and make a 
development program so as to meet their needs. They 
can also offer maintenance service at appropriate times. 
[0037] The user side (MRI system side) can always 
use the up-to-date pulse sequence, application, clinical 
protocol and image. Unlike in the prior art, the user need 
not pay the costs at once to update a pulse sequence 
and an application in accordance with the provision of 
a package from the maker, and he or she is charged on 
an as-used basis. The standard for passing the charge 
to a patient is thus clarified. In other words, if the user 
uses the log file described above, he or she can meas- 
ure the amount of use for each pulse sequence; there- 
fore, he or she has only to pay the makerforthe amount 
of use. At present, there are approximately 1 00 to 200 
pulse sequences. If the user purchases all of them, he 
or she has to bear the costs corresponding thereto. If 
the user selects payment according to the amount of 
use. he orshe can purchase software as not initial costs 
but running costs. 

[0038] Since a considerable royalty can be paid for 
the provision of clinical protocols and images that are 
devised in a variety of ways in accordance with a case 
of each user side, the clinical protocols and images can 
be spread and promoted. Needless to say, not only the 
clinical protocols and images but also new pulse se- 
quences and applications can be updated from the MRI 
system 2 to the database unit 1 0 of the center 1 . 
[0039] A charge for the amount of use of a pulse se- 
quence from the maker to the user is calculated and so 
is a charge for both the amount of use of a pulse se- 
quence from the user to the patient and the occupied 
time (photographing time) of the MRI device, which clar- 
ifies the mechanism for causing the costs. This clarifi- 
cation is useful for releasing a new pulse sequence. For 
example, the following sales activity can easily be car- 
ried out. A salesperson provides binary software distrib- 
uted via a network and a license used free within a lim- 



ited time period, determines image quality and clinical 
effectiveness, and recommends purchasing the license 
permanently. The sales activity thus requires a mecha- 
nism for issuing the license. 
5 [0040] By associating an access level with software 
of clinical protocols, image data, etc., the license man- 
agement unit 13 can impose a limitation on the range of 
provision, as shown in FIG. 6, in accordance with the 
level of a license (access authority) that is contracted 
with a user. However, the provision of the clinical proto- 
cols and image data to the system center 1 is directed 
to all users and thus basically there is no difference 
among them. 

License level C: only browsing of images 
License level B: images + simplified clinical proto- 
cols 

License level A: images + simplified clinical proto- 
cols 

[0041] With the above access authority, a limitation is 
imposed on information to be provided. The maker can 
receive a royalty as not money but the right to use the 
clinical protocols and sequences. The maker can per- 
form an appropriate evaluation of user's information and 
pay a royalty in terms of the right to use the clinical pro- 
tocols and sequences. 

[0042] The charges that the user pays when he orshe 
contracts are set so as to vary with a difference in license 
level. Furthermore, the programs of the license man- 
agement unit 13 can be set such that the license level 
is upgraded at no charge for a user who provides a clin- 
ical protocol when the frequency of use of the clinical 
protocol measured in the log file analysis unit 18 is not 
lower than a fixed one. In this case, the system center 
1 transmits a notification that the license level has been 
changed to the MRI system 2. Not only the frequency of 
use of clinical protocols but also the other contributions 
such as a scientific contribution can be counted as 
points and input to the system center 1 . 
[0043] The advantages of the present embodiment 
will be explained in detail hereinafter. 

1 -1 [Spread and Promotion of Clinical Protocols] 

[0044] The foregoing clinical protocols represent an 
imaging procedure and include pulse sequences and 
their specific parameters such asTRandTE. However, 
it can be considered that information of know-how about 
selection of resolution, that of contrast and the like ac- 
cording to an RF coil and an imaging portion rather than 
the parameters themselves includes an important value. 
In other words, it is principally a clinical protocol that is 
devised for each facility, and a great benefit arises from 
the spread and expansion of the clinical protocol for the 
very same reason as that in the pulse sequences. 
[0045] Since, however, the legibility of clinical proto- 
cols is great, they are harder to protect than the pulse 
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sequences (they can easily be imitated with little influ- 
ence on image quality if there is a slight change in TR 
or the like). Thus, a mechanism similar to the protection 
of copyright is needed. In other words, it is difficult to 
protect the clinical protocols singly, so that a log file is 
created based on access to the storage device 23 in 
which the clinical protocols are stored or access to the 
database 10 of the center 1 . Consequently, the use state 
of clinical protocols can correctly be measured like the 
amount of use of pulse sequences and applications. 
[0046] There may be a case where some facilities do 
not wish to provide any clinical protocols to the outside. 
The range of provision can thus be controlled by chang- 
ing the setting of a level at which the state of use is ex- 
tracted from the log file. 

[0047] The adoption of the above mechanism allows 
an effective clinical protocol developed in each facility 
to be registered in the center 1 with a licensing agree- 
ment and used in other facilities. The following methods 
for paying a royalty to a user who has provided an ef- 
fective clinical protocol can be considered: 

1) The maker side purchases the effective clinical 
protocol and sells it to another facility. 

2) The royalty is settled between facilities but not 
through the maker. 

3) The royalty is canceled out by new pulse se- 
quence data and applications provided at no charge 
from the maker side. 

[0048] In any case, it is considered that an effective 
clinical protocol is spread and promoted by a combina- 
tion of provision, royalty and control. Since both charge 
and royalty are caused due to use, information is not 
provided only in one direction from the maker side, but 
the contribution of information such as know-how called 
a clinical protocol, which requires a high degree of med- 
ical knowledge, can be quantified from a clinical stand- 
point; consequently, the information can be shared and 
the royalty can beset, andthe clinical protocol can easily 
be introduced into other facilities. 
[0049] As described above, the useful clinical proto- 
cols and image data often occur on the user side. It is 
thought that its spread is promoted while being support- 
ed by both charge and royalty. 

[0050] FIG. 7 shows a procedure for spreading a clin- 
ical protocol and image data. When a clinical protocol 
or an image, which is considered to be useful according 
to doctor's or photographer's own judgment, occurs in 
the MRI system 2 of a certain hospital, the useful clinical 
protocol or image data is transmitted to the center 1 from 
the MRI system 2. In the center 1 , the usefulness of the 
clinical protocol or image data is examined and if it pass- 
es in the examination, it is registered in the database 10 
and transmitted to the MRI system 2. 
[0051] In the MRI system 2, the transmitted clinical 
protocol or image data is stored in the storage device 
23, and old data is deleted (updated) when the need 



arises. 

[0052] When the clinical protocol or image data is 
used in the MRI system 2 of a certain hospital, its use 
state is sent to the center 1 as a log file or use-state 

5 data. The charge calculation unit 14 of the center 1 cal- 
culates a use charge of a user in accordance with his or 
her use state (amount of use) and also calculates a roy- 
alty of an information provider (copyright holder). Then, 
charge data and royalty data are periodically transmitted 

10 to their respective MRI systems 2 of the user and the 
information provider. The user is supplied with a bill ac- 
cording to one of an on-line payment method and an off- 
line payment method that the user chose when he or 
she contracted with the provider. When the user does 

15 not pay by the due date, the center 1 gives a warning to 
the MRI system 2; nevertheless, when the user does not 
pay yet within a fixed period of time, it is possible to take 
measures, e.g., to rewrite the programs in the MRI sys- 
tem 2 to inhibit the clinical protocol from being used. 

20 [0053] Furthermore, the clinical protocol or image da- 
ta need not be transmitted from the center 1 to the MRI 
system automatically, but the user can access the cent- 
er 1 to download a necessary clinical protocol therefrom. 
[0054] FIG. 8 illustrates a main screen for selecting a 

25 clinical protocol. A plurality of body part directory buttons 
are displayed on the screen. A picture indicating each 
body part is drawn on its corresponding button. An im- 
aging procedure option corresponding to a selected 
body part directory is displayed on the left side of the 

30 screen. Only one type option called a head routine is 
displayed on the screen shown in FIG. 8. Simple infor- 
mation of a selected imaging procedure option is dis- 
played on the right side of the imaging procedure option. 
On the screen of FIG. 8, a locator is used to locate an 

35 imaging position by a field echo (FE) method, and the 
position is displayed in terms of specific values of rec- 
ommended imaging conditions (TR, TE, NS) of a pulse 
sequence. A doctor or photographer can determine a 
clinical protocol for use with reference to the imaging 

40 procedures and imaging conditions. 

[0055] When the user depresses a select end button, 
a clinical protocol for use is determined and its corre- 
sponding clinical protocol data is loaded into the calcu- 
lator 222-2 from the storage device 23. Concurrently, a 

45 protocol editor is started and, as shown in FIG. 9, an edit 
screen of imaging conditions is displayed. The user can 
freely change a value of the imaging conditions on the 
screen. 

[0056] As described above, the select and edit 
50 screens are so configured that a clinical protocol can be 
selected and edited very simply. 
[0057] In the foregoing description, software data is 
stored in the storage device 23 on the user side, and the 
storage device 23 is accessed from the MRI device 22. 
55 However, various showcases can be prepared on a 
WWW server as operating patterns of the center 1 on 
the maker side, and the respective features of a new 
pulse sequence and application and the images ob- 
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tained can be browsed. Information of only the outline 
of imaging conditions and sequences for use can be pro- 
vided as a clinical protocol and in particular a clinical 
image and a case can be browsed. The user can browse 
a clinical protocol by the Internet browser or the like and 
download his or her favorite one for trial. In this case, a 
program that can be used free for the first fixed period 
of time or the fixed number of times is incorporated into 
software and then the user catalogues it formally, with 
the result that the program is charged based on usage 
track records. As in trial software of PC and the like, the 
limiting conditions such as resolution, the number of slic- 
es, and the function of printing on a film can be set. As 
for clinical protocols, a downloaded one is modified and 
utilized in accordance with the actual conditions of facil- 
ities. When a clinical protocol is improved, it is uploaded 
to the center 1 to share information . If a service such as 
exemption of the amount of use of the original clinical 
protocol is provided according to an extent of improve- 
ment, the protocol can be activated. 

1-2 [Charging Function] 

[0058] As described above, it is possible to charge for 
the amount of use of clinical protocols as well as the use 
of pulse sequence data and applications provided by the 
maker. In other words, a log file can count the use of a 
clinical protocol and its download. Since a clinical pro- 
tocol that is created from not the maker side but the user 
side (clinical site) is very useful, the copyright on the clin- 
ical protocol belongs to the user in most cases. If, how- 
ever, the use charge of a charging system is collected 
on a fixed-charge basis or at a fixed rate for the mount 
of use of clinical protocols, the clinical protocol charging 
system can be maintained within a rational range. 

1-3 [Aggregation of Clinical Protocol Data via 
Network] 

[0059] If the center 1 periodically accesses the data- 
base unit 1 0 of the use state of clinical protocols or the 
user positively uploads a clinical protocol, clinical proto- 
col data can be aggregated in the center 1 . Thefollowing 
service can be provided using the clinical protocol data. 

[Search for Sequence Usage Rate via Network] 

[0060] If the amount of use of each sequence is meas- 
ured in time sequence and a result of the measurement 
is transmitted to the development division system 5 ; the 
maker side can know which sequence is used frequent- 
ly. If data of the usage conditions of sequences is col- 
lected and supplied to the development division system 
5, the maker side can analyze the usage conditions of 
a sequence used frequently and collect information 
based on which it is determined whether the clinical ef- 
fectiveness can efficiently been enhanced if which part 
of the sequence is improved. 



1-4 [Maintenance of Clinical Protocol Database 
Unit for Browsing] 

[0061] Image data and clinical protocol data are con- 
5 figured as a database that can be publicly opened, and 
a difference in access authority of database unit 10 is 
caused in the license management unit 13 as illustrated 
in FIG. 6. However, the upload is directed to all users 
and thus basically there is no difference between them. 

10 

License level C: on ly browsing of images + types of 
images 

License level B: images + simplified clinical proto- 
cols 

15 License level A: images + detailed clinical protocols 

[0062] The presence and absence of the above ac- 
cess authority causes a difference in information to be 
provided. The maker provides information for the user 
20 who has paid a royalty in terms of information or money. 
The maker performs an appropriate evaluation of user's 
information such as a clinical protocol and pays a royalty 
in terms of the right to use the clinical protocols and se- 
quences. 

25 

1 -5 [Use of Clinical Protocol Database Unit] 

[0063] Case data similarto that stored in the database 
unit 10 is accessed from the development division sys- 
30 tern 5, and the clinical protocols corresponding to the 
data are compared with one another. The maker side 
proposes a clinical protocol that is considered to be 
more effective to the user. 

35 1 -6 [Means for Catching Variations in Trend of 
Clinical Protocols] 

[0064] In addition to the maker-side convenience of 
allowing development that fills the user needs by mon- 
40 itoring variations in the way to use a sequence from the 
amount of use of pulse sequences of all users and the 
parameters for use, the clinical protocols can be applied 
to an investigation of clinical trends by health insurance 
and a government body. 

45 

1 -7 [Proposal of Deviation of Amount of Use of 
Clinical Protocol from Model Case] 

[0065] The maker side can grasp a model case re- 
50 garding the optimum method of use for each MRI sys- 
tem 2 by the output data representing a trend of each 
sequence. Thus, the maker side can propose an im- 
provement of a sequence and a clinical protocol the 
amount of use of which is large, or present a model 
55 thereof to the user. 
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2 [Provision of Management-Supported 
Information] 

[0066] The center 1 can create a report on the support 
of hospital management or the like, which contains sta- 
tistical data such as a variation of the entire site from an 
average, performance a day, use time for each patient, 
and a variation in the way of use of a sequence, and the 
MRI system 2 can output the report. The maker side can 
propose an improved one of a pulse sequence to the 
user according to the amount of use based on the sta- 
tistical data. 

3 [Network + Charges] 

[0067] Information of the amount of use of clinical pro- 
tocols, sequences and applications can be collected via 
a network and charged according to the amount of use. 
[0068] If the user states of MRI devices are counted 
more closely in consideration of the above, the sales do 
not rely on a conventional system in which hardware is 
purchased from a wholesaler without the right to return 
it, but a hardware-based service is continuously provid- 
ed, with the result that both the maker and user can 
make a profit. The pulse sequence by which a fund can 
be raised is provided free, and the user can direct his or 
her study to a pulse sequence whose development will 
be required or whose effectiveness is high. 

4-1 [Example 1 of Use of Log File (Amount of Use 
of RF Coil)] 

[0069] A user of the MRI system 2 mounts the RFcoil 
221 -3 on a subject to be examined when he or she uses 
the MRI system 2. The MRI system 2 is capable of know- 
ing what RFcoil 221-3 is mounted by an automatic elec- 
trical means or by operator's hand. The computer 222 
for controlling the MRI system 2 is therefore capable of 
knowing how much the RF coil 221 -3 is used a day for 
each RF coil 221-3. 

[0070] The computer 222 delivers use-state data of 
the RF coil 221 -3 to the computer 21 for communicating 
a log file in specific time units (real time, one day, one 
week, etc.). 

[0071] The communicating computer 21 changes the 
delivered data to an appropriate time unit (real time — » 
one day, one day one week, etc.) or delivers it to the 
center 1 without being changed. The results delivered 
to the center 1 are sorted for each installation site of the 
MRI system 2 or according to attribute information such 
as the number of beds in a hospital, specialization are- 
as, sales/service areas, sequences, and target portions 
and processed statistically and then presented to the 
development division system 5. The amount of use of 
RF coil can thus be detected for each attribute. 
[0072] The above result allows a profit to be provided 
for both one who conducts an analysis and a user of the 
MRI system in a sense that it can be provided for the 



following judgments. 

(1 ) The service lifetime of an RF coil can be control- 
led for a user who uses a specific RFcoil with a high 

5 frequency and the quality of diagnosis can be main- 
tained. When the expiration date of the RF coil 
comes soon, the center 1 transmits its notification 
to the user of the maker side. Based on the notifi- 
cation, the user is able to make a choice among re- 
pair, replacement and the like before the RF coil be- 
comes unusable. 

(2) Since data of the amount of use of a specific RF 
coil is supplied to the maker, the maker has many 
opportunities to sell a new type of RF coil to a user 
who uses the RF coil with a high frequency. As a 
result, a diagnosis of a patient as the user can be 
improved in performance. 

[Example 2 of Use of Log File (Counting of the Number 
of Images Stored)] 

[0073] In the MRI system 2, it is usual to provide a 
doctor with an image indicative of test results either in 
the form of a film or by an electronic method. In the MRI 
system 2 of the present embodiment, the number of out- 
put films of the image indicative of test results can be 
counted and the electronic size of the image can be 
measured. The controlling computer 222 counts the 
number of films orthe number and size (e.g., how many 
megabytes) of electronic files output from the MRI sys- 
tem 2. The electronic size can be measured by the size 
of an output to an external peripheral device such as an 
optical disk and a magnetic storage or a PACS (Picture 
Archiving and Communication System). 
[0074] The count values are delivered to the commu- 
nicating computer 21 by the method similar to that in 
example 1 . The maker side can output statistical data 
on the number of films and the electronic image sizethat 
are analyzed by the method similarto that in example 1 . 
[0075] The above results can be provided for the user 
as a profit and used as materials useful for the sales on 
the maker side. 

(1) The number of films can be prevented from in- 
creasing year after year, and an introduction oppor- 
tunity to reduce management costs can be repre- 
sented as rational numeric values. For example, a 
proposal to reduce management costs by making a 
trial calculation of future total costs from a monthly 
or annual number of films and introducing an elec- 
tronic storage such as a PACS can be made to a 
user of the MRI system 2. 

(2) The capacity of an external peripheral device 
such as an optical disk and a magnetic storage is 
increasing year after year. A manufacturer can pro- 
vide a device having a rational capacity that meets 
the need by knowing the use state on the user side 
of the M Rl system 2. If eight films are used a day in 
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a 640-MB magneto-optical disk drive, its replace- 
ment with a 5.2-GB DVD RAM is proposed to a user 
of the MRI device, thereby reducing the burden on 
the user in terms of costs for exchange, manage- 
ment, and purchase of media. 

4-2 [Example 3 of Use of Log File (Advice on I ndex 
of Hospital Management] 

[0076] The MRI system 2 outputs the number of im- 
ages to be picked up a day, the number of patients a 
day, the imaging time required for each patient, and the 
like. These throughputs are important factors to hospital 
management. The unit 20 of the center 1 receives the 
data from the MRI system 2 through a communication 
line, compares the data with an average at a national 
level by executing programs of the unit 20, and supplies 
thecompared data to the maker side. Based on the data, 
it is possible to determine how much the hospital makes 
a profit or whether it is significantly high or low. The re- 
sults of the determination can be provided for the user 
as profits in the following manner. The management ad- 
vice is sold to a hospital manager. 

(1 ) There are specialized hospitals having a depart- 
ment of neurosurgery, that of circulatory organs and 
the like. The characteristics of hospitals are turned 
outfrom the amount of use of RF coils and the other 
investigations. For example, in a hospital with a 
neurosurgery department, an average of all users 
as to how long one patient is diagnosed and how 
many patients are diagnosed a day can be meas- 
ured and supplied to the maker side. If the through- 
put of the hospital is significantly lower than the na- 
tional average obtained after the statistical process- 
ing, an advice to improve a routine operation and a 
sequence can be offered to the hospital manager. 

(2) When the foregoing operation or any improve- 
ment was performed, it was difficult to know what 
improvement was caused by the result. The varia- 
tions in the time required for each patient and the 
number of patients are statistically measured by the 
method of the present invention and output from the 
maker side, thereby objectively proving the advan- 
tage of the improvement. 



CD-ROM or a magneto-optical disk to which they are 
written is used, or an electronic communication line is 
used. Authentication is issued from the MRI system 
center and becomes usable by a hardware medium 
5 such as a security card that is provided for the user or 
an authentication number. 

[0078] According to the above description, it is the 
MRI system center 1 that analyzes a log file to calculate 
the amount of use of hardware and software and then 
10 the charge of use thereof. These operations can be car- 
ried out by the MRI system 2 and their results can be 
transmitted to the MRI system center 1 . 

Industrial Applicability 

15 

[0079] As described above, the present invention is 
suitable for spreading and promoting hardware, appli- 
cations, pulse sequences and clinical protocols in the 
MRI. 



Claims 

1. An MRI system center connected to a plurality of 
25 MRI systems for visualizing an interior of a subject 
to be examined using a magnetic resonance phe- 
nomenon, through an electronic communication 
means, comprising: 



30 a unit configured to receive data of a log file on 

which a use state of the MRI systems is record- 
ed or use-state data extracted from the log file, 
from the MRI systems; 

a unit configured to store the data of the log file 
35 or the use-state data; and 

a unit configured to analyze the data of the log 
file or the use-state data that is received within 
a given period of time and generate analyzed 
data. 

40 

2. The M Rl system center according to claim 1 , where- 
in the analyze unit individually calculates an amount 
of use of constituting elements of the MRI systems, 
applications, clinical protocol data and/or image da- 
45 ta. 



20 



[0077] The present invention is not limited to the 
above embodiment but various modifications can be 
made. For example, in communication of use-state da- 
ta, an electronic, magnetic, electromagnetic, or optical 
medium other than a communication path can be used 
as a means for supporting an electronic communication 
line and improving safety. The use of such a medium 
enables the safety of data to be secured from a mali- 
cious intruder into a network. The use state is transmit- 
ted to the MRI system center through a normal electron- 
ic communication line. In order to download software 
and pulse sequences from the MRI system center, a 



3. The M Rl system center according to claim 1 , where- 
in the analyze unit individually calculates a charge 
of use of constituting elements of the MRI systems, 

50 applications, clinical protocol data and/or image da- 
ta. 

4. The MRI system center according to claim 1 , further 
comprising a unit configured to transmit the ana- 

55 lyzed data to the MRI systems. 

5. The MRI system center according to claim 1 , further 
comprising a unit configured to transmit the ana- 
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lyzed data to a sales division system, a mainte- 
nance service division system, and/or a develop- 
ment division system that are connected to the an- 
alyze unit. 

6. The M Rl system center according to claim 1 , further 
comprising a unit configured to transmit data of 
pulse sequences, applications, clinical protocols, 
and/or images, which is used in the MRI systems, 
to the MR I systems. 

7. The MRI system center according to claim 6, further 
comprising a unit configured to restrict the transmit- 
ted data by contract conditions for each of the MRI 
systems. 

8. The MRI system center according to claim 7, further 
comprising a unit configured to receive an authen- 
tication cipher from the MRI systems. 

9. An MRI system center connected to a plurality of 
MRI systems through an electronic communication 
means, comprising: 

a unit configured to receive data of a clinical 

protocol regarding an imaging procedure from 

at least one of the MRI systems; 

a unit configured to store the received data of 

the clinical protocol; and 

a unit configured to transmit the stored data of 

the clinical protocol to the MRI systems. 

1 0. The MRI system center according to claim 9, further 
comprising: 

a unit configured to receive use-state data of 
the data of the clinical protocol from the MRI 
systems; and 

a unit configured to calculate a charge of use 
of the clinical protocol based on the use-state 
data received within a given period of time. 

11. The MRI system center according to claim 10, 
wherein the use charge calculate unit calculates a 
royalty as well as the charge of use. 

12. An MRI system center connected to a plurality of 
MRI systems for visualizing an interior of a subject 
to be examined using a magnetic resonance phe- 
nomenon, through an electronic communication 
line, comprising: 

a unit configured to receive use-state data of 
an application used in the MRI systems from 
the MRI systems; 

a unit configured to store the use-state data; 
a unit configured to calculate a charge of use 
of the application based on the use-state data 



received within a given period of time; and 
a unit configured to transmit data of the calcu- 
lated charge of use to the MRI systems as 
charge data. 

5 

13. An MRI system center connected to a plurality of 
MRI systems for visualizing an interior of a subject 
to be examined using a magnetic resonance phe- 
nomenon, through an electronic communication 

10 line, comprising: 

a unit configured to receive use-state data of a 
plurality of RF coils exchangeable in the MRI 
systems from the MRI systems; 
15 a unit configured to store the use-state data; 

a unit configured to calculate a charge of use 
of the RF coils based on the use-state data re- 
ceived within a given period of time; and 
a unit configured to transmit data of the calcu- 
20 lated charge of use to the MRI systems as 

charge data. 

14. An MRI system for visualizing an interior of a subject 
to be examined using a magnetic resonance phe- 

25 nomenon, comprising: 

a unit configured to extract use-state data on 
constituting elements of the MRI system, soft- 
ware and data from a log file of the MRI system; 
30 a unit configured to store the use-state data; 

and 

a unit configured to analyze the use-state data. 

15. The MRI system according to claim 14, wherein the 
35 use-state data analyze unit individually compiles an 

amount of use of the constituting elements of the 
MRI system, the software and the data. 

16. The MRI system according to claim 15, wherein the 
40 use-state data analyze unit calculates a charge of 

use based on the amount of use. 

17. An MRI system for visualizing an interior of a subject 
to be examined using a magnetic resonance phe- 

45 nomenon, comprising: 

a unit configured to extract use-state data on 
constituting elements of the MRI system, soft- 
ware and data from a log file of the MRI system; 
50 a unit configured to store the use-state data; 

and 

a unit configured to transmit the use-state data 
to another system through an electronic com- 
munication means. 

55 

18. An MRI system for visualizing an interior of a subject 
to be examined using a magnetic resonance phe- 
nomenon, comprising: 
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a unit configured to store clinical protocol data; 
a unit configured to compile use states of the 
clinical protocol from a log file of the MRI sys- 
tem; 

a unit configured to calculate a charge of use 5 
of the clinical protocol based on the use-state 
data within a given period of time; and 
a unit configured to output data on the calculat- 
ed charge of use. 

10 

19. An MRI system for visualizing an interior of a subject 
to be examined using a magnetic resonance phe- 
nomenon, comprising: 

a unit configured to store use-state data of an 15 

application used in the MRI system; 

a unit configured to calculate a charge of use 

of the application based on the use-state data 

within a given period of time; and 

a unit configured to output data on the calculat- 20 

ed charge of use. 

20. An MRI system for visualizing an interior of a subject 
to be examined using a magnetic resonance phe- 
nomenon, comprising: 25 

a unit configured to store use-state data of a 
plurality of RF coils exchangeable in the MRI 
system; 

a unit configured to individually calculate a 30 
charge of use of the RF coils based on the use- 
state data within a given period of time; and 
a unit configured to output data of the calculat- 
ed charge of use. 
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